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Abstract . In spite of its numerous advantages like small size, light weight, conformability etc, one of the disadvantages of microstrip 
antennas is that they arc very narrowband in nature, typically 1% of the center frequency Investigations have been made on the elTcci of 
aspect ratio and feed location for the coaxial back feed on the VSWR bandwidth of the patch antenna. Without any additional matching 
network, optimal impedance matching of the antenna with a single common feed line has been achieved using genetic algorithm fhe 
investigation is made at different microwave Ircquency bands and it is found tliat the optimum 2 : I VSWR ranges up to -7% of the center 
frequency of operation, gradually increasing for higher frequency bands
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1. Introduction
The flexibility afforded by microstrip antenna technology 
has led to a wide variety of designs and techniques that fill 
the needs required by many applications in communication 
and radar. One of the common methods of feeding a 
microstrip antenna is by means of a coaxial probe. In such 
cases, the coaxial connector is attached to the printed circuit 
board, and coaxial center connector is attached to the antenna 
conductor. The cavity model [1] is popular in obtaining 
electromagnetic fields from the antenna. The basic idea of 
the cavity model is to treat the region between the patch 
and the ground plane as a resonant leaky cavity, ITie resonant 
frequencies of the antenna are determined by resonant 
frequency of the cavity. Typical patch antennas in X band 
has 2 : 1 VSWR (Voltage Standing Wave Ratio) bandwidth < 
1% [2]. The effect of aspect ratio and feed location on the 
VSWR bandwidth of a coax fed microstrip antenna is
considered with the help of this cavity model. With the help 
of genetic algorithm an optimal solution is found.
2. Formulation
A rectangular patch of length a and width b is considered 
at a height h above the ground plane as shown in Figure 1.
y
Figure 1. A rectangular-patch microstrip antenna fed at any arbitrary 
point.
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Since the electric field inside the cavity is always normal to 
the patch conductor and ground plane (tangential component 
of electric field is zero at the surface of a perfect conductor) 
and magnetic field component along that direction is zero, 
the modes inside the cavity are TM (Transverse Magnetic) 
modes. A single mode of operation viz the dominant TMio 
mode is considered here for which the cavity is excited at 
y  -  htl. The equation satisfied by the electric field excited 
by a current J. is
V^E, + K ^ E ,^ jo )p o J z ,  (1)
where k^ =
The complex power radiated by the probe is given by
P = \\2 \ ,E X H * .n d S ,  (2)
where integration is over the surface of the probe. The input 
impedance seen by the probe can be found as,
Z;„ = />/(l/2/o/o), (3)
where J , = 7o/(2;wo) and ro is the radius of the probe. 
The inductive self-reactance of the probe is given by,
i(oL = (70)/»//o )/(2;r)(ln(a6/ Ttr^  )'/2). (4)
Using these relations [3], the expression for input impedance 
of the patch antenna fed at any point with coordinates (xo, 
b!2) becomes,
^in = jcoL-\2jZQhco^^{7tXQja)(o'^y[{kkQab)
-0)\)(\+JK2Q,)y)\, (5)
where Q, is the total Q of the cavity given by
0 ,=  (l/(?io+ MQr)\
010 is the cavity quality factor due to conductor loss and 
dielectric loss for the dominant mode. Qr is the quality factor 
due to radiation loss.
3. Genetic algorithm based optimization for impedance 
bandwidth
i. 1. The genetic algorithm applied :
Concepts of genetic algorithm are applied to study the effect 
of aspect ratio and feed location on the VSWR bandwidth 
of a simple patch antenna [4]. Each chromosome consists 
of two binary encoded genes, where one of the genes 
represent the aspect ratio, the other represents feed location. 
A number of chromosomes are randomly generated to form 
an initial population crossover and mutation are performed 
on the randomly generated chromosomes based on certain 
predetermined probabilities to form the next generation. This 
procedure is repeated a number of times and the best
chromosome evolve through generations, which is chosen 
based on a fimess function. The best chromosome gives the 
best possible values of aspect ratio and feed location that 
provide best impedance matching over the entire band of 
frequency.
3.2. Application details :
Initial process starts with 20 chromosomes, each comprising 
of two genes. Each gene is binary encoded with 8 bits. 
Decoding of aspect ratio (length/width) of gene is done as
Aspect ratio = 1 + (1/decoded value of gene). 
Decoding of feed location gene is done as
Feed location = length/(decoded value of gene).
The fitness function is chosen as the sum of input reflection 
coefficients of the patch over the entire band of frequency 
The probability of crossover is randomly chosen to be 0.7 
and the probability of mutation is chosen to be 0.002. The 
relative permeability and thickness of the substrate are 2.4 
and 0.0015m respectively.
4. Results obtained
Figures 2(a)-2(h) show the plot of VSWR with frequency 
for different frequency bands. It is seen from the results that 
for optimal solution, the aspect ratio is nearly unity (varying
Aspect ratio » 1.004, offset = 0 21 (1» patch length), % of 
2 - I VSWR fractional bandwidth 0.8
Figure 2(a). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 4.5 Ghz.
Aspect ratio ** 1.004, offset “ 0.241 (1« patch length), % of 
2 : 1 VSWR fractional bandwidth 4
FREOUCNCYtOKt)
Figure 2(b). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 5.5 Ghz.
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Aspect ratio 1.01, ofTsct * 0.21 (I -  patch length). % of 
2 : 1 VSWR fractional bandwidth -  4
Aspect ratio 1.004. oflset = 0.11 (I« patch length), % of 
2 I VSWR fractional bandwidth 6,6
Figure 2(c). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 8.5 Ghz.
Aspect ratio 1.004, offset = 0.161 (I patch length), % of 
2 • 1 VSWR fractional bandwidth 6
Figure 2(f). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 9.5 Ghz.
Figure 2(c). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 6.5 Ghz.
Aspect ratio = 1 004, offset “ 0.1661 (I = patch length), % of 
2 I VSWR fractional bandwidth -  4
Figurf 2(g). Optimal VSWR vj frequency plot of a rectangular patch 
radiating at 10 5 Ghz.
Aspect ratio *= 1 004, uHset = 0 051 (1 -• patch length), % of 
2 . 1 VSWR fractional bandwidth = 68
Hgiirc 2(d). Optimal VSWR vs frequency plot of a rectangular patch
radiating at 7.5 Ghz
Aspect ratio -= 1 004, offset '' 0 1661 (I = patch length), % of 
2 . 1 VSWR fractional bandwidth ^56
Figure 2(h). Optimal VSWR vs frequency plot of a rectangular patch 
radiating at 11.5 Ghz.
between 1.004 and 1.01) suggesting usage of a square patch. 
Optimal 2 : 1 VSWR bandwidth improves for higher 
frequency bands. This result can be explained as follows ; 
for higher frequencies cavity losses increase which in turn 
reduces the quality factor and increases the bandwidth. The 
2 : 1 VSWR bandwidth is maximum (6.8%) for the 1112 
Ghz band [Figure 2(h)]. It can be seen that the optimal feed 
offset from one of the radiating edge decreases for higher 
frequencies. This is due to the fact that for high frequencies 
radiation efficiency increases which in turn increases the 
fringing of fields.
5. Conclusions
The results obtained show that the application of genetic 
algorithm to impedance matching of microstrip antenna is 
quite promising. From the results obtained for different 
frequency bands, it can be concluded that with suitable aspect 
ratio and feed offset, a good amount of matching can be 
obtained without any additional matching network. These 
results may be advantageous in certain applications like 
satellite communication or mobile communication where a 
single antenna should operate over a significant frequency 
range.
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